The Reshui porphyry Mo deposit is located in the East Kunlun orogenic belt (EKOB). Molybdenum mineralization is distributed in monzogranite and porphyritic monzogranite rocks, mainly presenting as various types of hydrothermal veinlets in altered wall rocks, and the orebodies are controlled by three groups of fractures. In this paper, we present the results of fluid-inclusion and isotopic (S and Pb) investigations of the Reshui Mo deposit. The ore-forming process of the deposit can be divided into three stages: an early disseminated molybdenite stage (stage 1), a middle quartz-molybdenite stage (stage 2) and a late quartz-polymetallic sulfide stage (stage 3). The alteration was mainly potassic and silicic in stage 1, silicic in stage 2, and sericitic and silicic in stage 3. Five types of fluid inclusions (FIs) can be distinguished in quartz phenocrysts and quartz veins, namely W, PL (pure liquid inclusions), PV (pure gas inclusions), C (CO 2 three-phase inclusions), and S (daughter mineral-bearing inclusions). The homogenization temperatures of fluid inclusions belonging to stages 1 to 3 are 282.3-378 • C, 238.7-312.6 • C and 198.3-228 • C, respectively. The fluid salinities at stages 1 to 3 are 4.65-8.14% NaCl eq., 4.34-42.64% NaCl eq., and 3.55-4.65% NaCl eq., respectively. The fluids of this deposit were generally moderate-high temperature and moderate-low salinity and belong to the H 2 O-NaCl-CO 2 ± CH 4 system. The temperature and pressure changed considerably between stage 2 (high-medium-temperature) and stage 3 (low-temperature). The evidence for ore-forming fluids containing different types of coexisting inclusions in stage 2 and a decrease in the fluid temperature from stage 2 to stage 3 indicate that fluid boiling and fluid mixing were the main mechanisms of ore precipitation. The sulfide 34 S V-CDT values range from 4.90% to 5.80% , which is characteristic of magmatic sulfur. The 206 Pb/ 204 Pb, 207 Pb/ 204 Pb, and 208 Pb/ 204 Pb values of the ore minerals are 18. 210-18.786, 15.589-15.723, and 38.298-39.126, respectively. These lead isotopic compositions suggest that the ores were mainly sourced from crustally derived magmas, with minor input from the mantle. The fluid inclusions and S-Pb isotopes provide important information on the genesis of the Reshui porphyry Mo deposit and indicate that the Triassic has high metallogenic porphyry potential in the EKOB.
Ore Deposit Geology
The Reshui deposit is distributed in the middle East Kunlun belt (Figure 1c ). The lithologies of the Reshui area consist of the Paleoproterozoic Jinshuikou Group, the Carboniferous Dagangou Group, the Middle Permian Marzheng Group, and the Triassic volcanic rocks [23] .
The Reshui ore field comprises mainly intrusive rocks. The fracture structure of the Mo deposit zone is well-developed and comprises three main groups of fractures ( Figure 2 ). A group of N-S-trending faults, which formed earliest, are the main ore-controlling fault structures; another group of NE-trending fractures experienced multiple phases of activity, and the final fracture group, which is NW-or nearly EW-trending, was active relatively late and cross-cuts the orebodies [23] . The magmatic rocks in this region can be divided into monzogranite, granodiorite, porphyritic monzogranite, and granitic porphyry [24, 25] .
The Reshui Mo deposit was only recently discovered. According to the exploration engineering results of the Baojintianyuan Mining Company, the molybdenum orebodies are complexly disseminated in ribbon shapes, veins, thin veins, and lenticular orebodies ( Figure 2 ). The sizes of these orebodies differ; they range in length from 100 to 600 m. The molybdenum deposit has an average grade of 0.10% and is verified to contain 8419.08 tons of molybdenum metal [34] . Hydrothermal alteration associated with Mo mineralization is dominated by inner-zone potassic alteration, sericitization, and silicic alteration, and there is clear alteration-zonation from the inner to the outer sections of the mineralization bodies. The main ore hosting rocks are porphyritic monzogranite, monzogranite, and granitic porphyry, and the main metallic ore minerals are molybdenite, pyrite, and hematite, with minor chalcopyrite, magnetite, pyrrhotite, galena, and sphalerite. The molybdenite generally has a flaky texture and is unevenly distributed in the ore bodies (Figure 3a-e ). Most of the molybdenite has a granular texture in which many grains are clustered together, while some occur in quartz, feldspar, and biotite. The ore type is mainly disseminated, with molybdenite scattered in granites, or in veins, with molybdenite forming in vein structures within fissures and quartz veins. In addition, the ore also exhibits thin film structures, star point-like structures, porphyritic mass structures, banded structures, and complex shapes with extremely clear interfaces. The development of the deposit can be divided into the hydrothermal ore-forming period and a surficial oxidation period, on the basis of the paragenetic mineral associations and vein-body relationships ( Figure 4 ). The hydrothermal period was the main metallogenic epoch and can be subdivided into three stages: (1) the early metallogenic stage (stage 1), in which molybdenite was sparsely disseminated and the main minerals were quartz, feldspar, biotite, and minor molybdenite (Figure 3a ,b,h); (2) the quartz-vein-molybdenite stage (stage 2), when clay minerals were formed and the ore minerals were mainly molybdenite with minor chalcopyrite and pyrite (Figure 3c -e,j), whereas the gangue minerals were mainly quartz, K-feldspar, and biotite; (3) the quartz-vein-polymetallic sulfide stage (stage 3), in which molybdenite, pyrite, chalcopyrite, and polymetallic sulfide ore were deposited and various types of alteration occurred (Figure 3f ,i,k,l). The supergene period would typically come after the main metallogenic period; all of the types of metal sulfides were oxidized, and the main supergene alteration (weathering) minerals were limonite, malachite and minor jarosite. During this period, the molybdenum orebody experienced a certain degree of modification. The development of the deposit can be divided into the hydrothermal ore-forming period and a surficial oxidation period, on the basis of the paragenetic mineral associations and vein-body relationships ( Figure 4 ). The hydrothermal period was the main metallogenic epoch and can be subdivided into three stages: (1) the early metallogenic stage (stage 1), in which molybdenite was sparsely disseminated and the main minerals were quartz, feldspar, biotite, and minor molybdenite (Figure 3a ,b,h); (2) the quartz-vein-molybdenite stage (stage 2), when clay minerals were formed and the ore minerals were mainly molybdenite with minor chalcopyrite and pyrite (Figure 3c -e,j), whereas the gangue minerals were mainly quartz, K-feldspar, and biotite; (3) the quartz-veinpolymetallic sulfide stage (stage 3), in which molybdenite, pyrite, chalcopyrite, and polymetallic sulfide ore were deposited and various types of alteration occurred (Figure 3f ,i,k,l). The supergene period would typically come after the main metallogenic period; all of the types of metal sulfides were oxidized, and the main supergene alteration (weathering) minerals were limonite, malachite and minor jarosite. During this period, the molybdenum orebody experienced a certain degree of modification. 
Analytical Methods

Fluid Inclusion Measurements
Fluid inclusion (FI) analyses were performed on samples representing the three stages and various types of quartz that are representative of the spatial and temporal evolution of the magmatichydrothermal system of the Reshui deposit. Microthermometric analysis of FIs was performed using a Leitz microscope (Diaplan, Leitz, Wetzlar, Germany) and a Linkam THMS 600 (Linkam Scientific Instruments Ltd, Epsom, UK)), and underwent a programmable heating and freezing stage at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences (Wuhan). The phase transitions of the FIs were observed at temperatures ranging from −196 °C to +600 °C. The heating and freezing rate was generally set at 5-10 °C/min, but was reduced to less than 0.5-1 °C/min near the temperatures of phase transitions. The salinities of the samples were calculated using the final ice melting temperatures of the aqueous two-phase FIs and the halite 
Analytical Methods
Fluid Inclusion Measurements
Fluid inclusion (FI) analyses were performed on samples representing the three stages and various types of quartz that are representative of the spatial and temporal evolution of the magmatic-hydrothermal system of the Reshui deposit. Microthermometric analysis of FIs was performed using a Leitz microscope (Diaplan, Leitz, Wetzlar, Germany) and a Linkam THMS 600 (Linkam Scientific Instruments Ltd, Epsom, UK)), and underwent a programmable heating and freezing stage at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences (Wuhan). The phase transitions of the FIs were observed at temperatures ranging from −196 • C to +600 • C. The heating and freezing rate was generally set at 5-10 • C/min, but was reduced to less than 0.5-1 • C/min near the temperatures of phase transitions. The salinities of the samples were calculated using the final ice melting temperatures of the aqueous two-phase FIs and the halite dissolution temperatures of daughter mineral-bearing multiphase FIs [35] . The bulk densities of the aqueous two-phase FIs and the daughter mineral-bearing multiphase FIs were estimated using reference formulas [35] [36] [37] .
Isotopic Analysis
Two molybdenite samples from stage 2 and two molybdenite samples, three pyrites and three chalcopyrites from stage 3 were analyzed for their sulfur and lead isotopic compositions. Owing to the symbiotic co-occurrence of smaller grains of sphalerite and galena with molybdenite in stage 3, it was not possible to extract pure single minerals, and therefore, sphalerite and galena were not analyzed. Sulfur isotopic ratios are reported as δ 34 S values relative to those of the Canyon Diablo troilite (CDT); the analytical reproducibility was ±0.2% . The analytical errors for lead isotopic analyses are reported as ±2 σ, and the measurement accuracy of the 208 Pb/ 206 Pb and 204 Pb/ 206 Pb analyses was better than 0.005% . Sulfur and lead isotopic analyses were performed at the Analytical Laboratory of the Beijing Research Institute of Uranium Geology.
Results
Fluid Inclusion Analysis
Petrography
Based on their phase characteristics at room temperature (21 • C) and phase transitions during heating, as well as the results of laser Raman spectroscopy, the FIs in the Reshui deposit were divided into the following five main types ( Figure 5 ): (1) W-type aqueous inclusions, including liquid-rich and gas-rich inclusions. Liquid-rich inclusions are more abundant than gas-rich inclusions; the gas-to liquid-phase ratios range 15-60% (but mainly fall between 25% and 45%). The sizes of these FIs are inconsistent and highly variable, as they range in length and width from 4 × 6 µm to 8 × 12 µm, but are mainly 6 × 10 µm in size. They are oval, round, rectangular or irregular in shape. (2) Pure gas-phase inclusions (PV) ranging in size from 3 to 8 µm occur in isolation and are rectangular and oval in shape.
(3) Liquid-phase inclusions (PL) are brightly colored and sometimes grey; they are distributed in isolation or in symbiosis with W-type gas-liquid inclusions. (4) C-type inclusions contain the phases LCO 2 + VCO 2 + LH 2 O; they mainly exhibit crystalline shapes and are oval and rectangular. They range in length from 5 to 15 µm and exhibit double-fold eyelid characteristics. (5) S-type inclusions comprise one or more solid phases or minerals. The inclusions are oval, polygonal, and irregular, approximately 5-12 µm in size, and are mainly isolated.
Microthermometry
The temperature results for the FIs were measured by considering factors such as the distribution, size, and shape of the inclusion. The parameters of FIs associated with different stages are listed in Table 1 . W-type and C-type FIs are present in stage 1. The final ice-melting temperatures of the W-type FIs range from −5.2 to −2.8 • C, and their homogenization temperatures range from 282.3 to 376.8 • C, which correspond to salinities of 4.65-8.14% NaCl eq. and fluid densities of 0.63-0.85 g/cm 3 . In C-type inclusions, the initial solid-phase melting temperatures range from -58.3 to -57.6 • C, which is under the triple-phase temperature of pure CO 2 (-56.6 • C). Laser Raman analyses indicated that these inclusions may contain N 2 and CH 4 . The melting temperatures of the clathrates range from 6.5 to 6.8 • C, whereas the homogenization temperatures of the liquid CO 2 phase range from 29.3 to 30.8 • C; the homogenization temperatures of the clathrates range from 327.4 to 352.3 • C, which correspond to salinities of 6.12-6.63% NaCl eq. and fluid densities ranging from 0.68 to 0.73 g/cm 3 .
The FIs in stage 2 are W-, C-, and S-type. In this stage, the final ice melting temperatures of the W-type FIs range from −4.2 to −2.6 • C, and their homogenization temperatures range from 238.7 to 312.6 • C, which correspond to salinities ranging from 4.34% to 6.74% NaCl eq. and fluid densities of 0.74-0.86 g/cm 3 . In S-type FIs, the gas-phase disappears before the solid phase, as the gas-phase disappears at temperatures ranging from 258.3 to 287.3 • C, whereas the salt mineral melting temperatures Minerals 2019, 9, 547 7 of 20 range from 335 to 352.6 • C, which correspond to salinities of 39.04-42.64% NaCl eq. and fluid densities of 1.11-1.13 g/cm 3 . The initial solid-phase melting temperatures of the C-type FIs range from −59.4 to −56.9 • C, which is under the triple-phase temperature of pure CO 2 (−56.6 • C); the melting temperature of clathrate ranges from 5.3 to 6.1 • C, the homogenization temperatures of the liquid CO 2 phase range from 28.6 to 31.2 • C, and their homogenization temperatures range from 261.2 to 283.1 • C, which correspond to salinities of 7.31-8.61% NaCl eq. and fluid densities of 0.82-0.85 g/cm 3 . 
The temperature results for the FIs were measured by considering factors such as the distribution, size, and shape of the inclusion. The parameters of FIs associated with different stages are listed in Table 1 . W-type and C-type FIs are present in stage 1. The final ice-melting temperatures of the W-type FIs range from −5.2 to -2.8 °C, and their homogenization temperatures range from 282.3 to 376.8 °C, which correspond to salinities of 4.65-8.14% NaCl eq. and fluid densities of 0.63-0.85 g/cm 3 . In C-type inclusions, the initial solid-phase melting temperatures range from -58.3 to -57.6 °C, which is under the triple-phase temperature of pure CO2 (-56.6 °C). Laser Raman analyses indicated that these inclusions may contain N2 and CH4. The melting temperatures of the clathrates range from 6.5 to 6.8 °C, whereas the homogenization temperatures of the liquid CO2 phase range from 29.3 to 30.8 °C; the homogenization temperatures of the clathrates range from 327.4 to 352.3 °C, which Figure 6 ). These temperatures are lower than those for the W-type inclusions of the quartz-vein-molybdenite stage, which suggests that the ore-forming temperatures decreased sharply. The salinities in this stage are 3.55% to 4.65% NaCl eq., and the fluid densities are 0.86-0.90 g/cm 3 . 
Laser Raman Spectroscopy
Laser Raman microprobe analysis ( Figure 7 ) demonstrated that the gas-phase composition of the W-type FIs comprises CO2, N2, and CH4, whereas their liquid-phase is mainly H2O. The PV-type inclusions mainly comprise CO2; the PL-type inclusions are mainly H2O, and a small number comprise CH4; the gas-phase C-type inclusions mainly comprise CO2; and the gas-phase composition 
Laser Raman microprobe analysis ( Figure 7 ) demonstrated that the gas-phase composition of the W-type FIs comprises CO 2 , N 2 , and CH 4 , whereas their liquid-phase is mainly H 2 O. The PV-type inclusions mainly comprise CO 2 ; the PL-type inclusions are mainly H 2 O, and a small number comprise CH 4 ; the gas-phase C-type inclusions mainly comprise CO 2 ; and the gas-phase composition of the S-type inclusions mainly comprises H 2 O, CO 2 , and N 2 , and daughter minerals are contributed by halite or other minerals (calcite, chalcopyrite). 
S and Pb Isotopes
The results for the S and Pb isotopic compositions of the samples from the Reshui deposit are presented in Table 2 . The δ 34 S values of pyrite, chalcopyrite, and molybdenite range from 5.1‰ to 5.4‰, 5.6‰ to 5.8‰, and 4.9‰ to 5.5‰, respectively. Collectively, the δ 34 S values are relatively homogeneous, ranging from 4.9‰ to 5.8‰, indicating that little or no sulfur isotopic fractionation occurred in sulfides during the evolution of the Reshui deposit. In general, the S isotopic compositions of sulfides in the Reshui deposit are slightly heavier than that of the mantle and are very similar to each other, indicating that the S sources of sulfides in the Reshui deposit were undiversified and mainly deeply sourced felsic magma sulfur [38] [39] [40] . 
The results for the S and Pb isotopic compositions of the samples from the Reshui deposit are presented in Table 2 . The δ 34 S values of pyrite, chalcopyrite, and molybdenite range from 5.1% to 5.4% , 5.6% to 5.8% , and 4.9% to 5.5% , respectively. Collectively, the δ 34 S values are relatively homogeneous, ranging from 4.9% to 5.8% , indicating that little or no sulfur isotopic fractionation occurred in sulfides during the evolution of the Reshui deposit. In general, the S isotopic compositions of sulfides in the Reshui deposit are slightly heavier than that of the mantle and are very similar to each other, indicating that the S sources of sulfides in the Reshui deposit were undiversified and mainly deeply sourced felsic magma sulfur [38] [39] [40] .
The lead isotopic compositions of the Reshui deposit are displayed in 
Discussion
Timing of Magmatism and Mineralization
The Reshui deposit granite contains porphyritic monzogranite and monzogranite yielding LA-ICP-MS zircon U-Pb ages of 230.9 ± 1.4 Ma and 230.5 ± 1.0 Ma, respectively [24, 25] . The molybdenite Re-Os age of 230.2 ± 2.5 Ma is similar to that of the Reshui Granite [23] , thus indicating that the ages of mineralization and of the granite in the Reshui deposit are Late Triassic and that the mineralization occurred at the same time as magma emplacement and crystallization.
The East Kunlun metallogenic belt is characterized by porphyry Cu-Mo, Mo, and skarn Fe-Cu-Pb-Zn deposits. The timing and duration of magmatic hydrothermal events are crucial for understanding ore deposit formation [2, [51] [52] [53] [54] . The mineralization in the EKOB is spatially and temporally related to Triassic granitoids. The EKOB experienced strong crust-mantle interactions during the Triassic [5, 6, 18, 31] , among which magma underplating and mixing were predominant, with abundant porphyry and skarn mineralization [9, 10] . In this study, we collected data published in the literature regarding porphyry mineralization ages ( Table 3 ). The formation ages derived for the EKOB range from 214 to 248 Ma, but peak mineralization is dated to ca. 230 Ma. This region experienced subduction and collisional orogeny from the Late Permian to the Early Triassic as the Buqingshan-A'nemaqen Ocean, part of the Paleo-Tethys Ocean, generated northward subduction, which triggered crust-mantle magmatic activity and led to the emplacement of a large number of arc magmatic rocks that are linearly distributed across the region [6, 16] . The inferred EKOB tectonic evolution indicates that the Late Triassic granitoids that formed after subduction were related to collisional to post-collisional tectonic processes [4, 14, 18] . This tectonic movement was related to the formation of porphyry-skarn type Cu-Mo-Au deposits. The subducting slab caused asthenospheric decompression melting and basaltic magma underplating at the bottom of the lower crust, which led to partial melting of the crustal material to produce felsic magma [5, 29, 31] , such as the porphyry granite in Aikengdelisite, which yields a zircon U-Pb age of 248.4 ± 0.83 Ma [50] , and the porphyry granodiorite in the Lalingzhaohuo Mo deposit, which yields a zircon U-Pb age of 242.6 ± 3.4 Ma [45] . During the middle-late Triassic, ca. 240-230 Ma, the tectonic setting transformed into one of collision. Xia et al. [18] have suggested that the 240 Ma Nagetan granitoids record the closure of the Paleo-Tethys. Ma et al. [55] showed that post-230 Ma Late Triassic magmatic rocks have high εHf(t) values, and proposed that they formed in a post-collisional extensional tectonic setting in the EKOB. Furthermore, a regional angular unconformity has recently been recognized between the Middle Triassic Xilikete Formation and the Late Triassic Babaoshan Formation in the EKOB [15, 27] . Hence, we infer that the Reshui Mo deposit formed during the transformation of the tectonic regime from collision to post-collision in the Late Triassic. The porphyry deposits have been divided into three types according to their tectonic setting: Climax-types, Endako-types and collision-related [56, 57] . The Reshui Mo deposits in the EOKB is different from the Climax-and Endako-type porphyry Mo deposits, because of its tectonic setting and crustal source of the magma. Audétat et al. [56] summarized findings that have been made regarding the economic Climax-type porphyry Mo deposits, showing that they are invariably emplaced in post-subduction extensional settings and that the associated intrusions are commonly evolved A-type granites; the Endako-types, in contrast, are emplaced in a subduction-related environment [56, 57] . The Reshui Mo deposit formed in a collision to post-collision tectonic setting, distinguishing it from both the Climax-and Endako-types. The Reshui Mo deposit is associated with a high-K calc-alkaline I-type granite [24, 25] that originated from partial melting of crustal materials, unlike the magma of the Endako-and Climax-type deposits, which are generally sourced from crust-mantle mixtures related to oceanic plate subduction and enriched mantle [57] [58] [59] . Hence, the Reshui deposit is a collision-type porphyry Mo deposit. This is consistent with U-Pb and Re-Os age data (Table 3 ) related to EKOB porphyry deposits. The metallogenic age of the Reshui porphyry Mo deposit further illustrates that remarkable mineralization occurred in this region during the Triassic, and that magmatic-hydrothermal deposits related to this tectonic stage have great metallogenic potential.
Evolution of the Ore-Forming Fluid
Studying FIs provides information regarding fluid characteristics and can reveal the original nature of the ore-forming fluid and fluid sources [60] [61] [62] [63] [64] . The FIs produced in the Reshui Mo deposit during different stages share some characteristics but also have distinct characteristics that reflect changes in the nature of the ore-forming fluid.
The sparsely disseminated molybdenite produced during the early metallogenic stage 1 of the Reshui Mo deposit contains W-type FIs, which indicates that the fluid belongs to the H 2 O-CO 2 -NaCl system [65] [66] [67] [68] [69] . The homogenization temperatures of stage 1 FIs range from 282.3 to 376.8 • C, which correspond to salinities of 4.65-8.14% NaCl eq. and fluid densities of 0.63-0.79 g/cm 3 . The initial ore-forming fluids were thus high-temperature and low-salinity. The FIs in stage 2 comprise a number of liquid-rich gas and liquid two-phase FIs, as well as a few pure gas FIs, many gas-rich H 2 O-CO 2 FIs, and many mineral inclusions. The variable gas and liquid ratios of these inclusions and the coexistence of different types of FIs reflect non-uniform capture and indicate that the fluid boiled or mixed (Figure 8 ). The laser Raman spectroscopy analyses indicate that a few of these FIs contain minor CO 2 and CH 4 , although a few pure CH 4 liquid inclusions were observed. The main processes that can add carbon to ore-forming fluids are magma genesis, where the carbon is directly derived from deep magma reactions with H 2 O, decomposition of organic matter, oxidation reactions related to graphite, and decarbonization reactions of calcium-silica carbonate rock. No sedimentary strata were exposed in the Reshui Mo deposit, so the presence of CH4 in the inclusions indicates that the ore-forming fluid reacting H 2 O with reduced carbon in the crust and created CO-CH 4 [66, [69] [70] [71] . The homogenization temperatures of the stage 2 FIs range from 238.7 to 312.6 • C, which correspond to salinities of 4.34-42.64% NaCl eq. The ore-forming fluid thus belongs to a high-temperature H 2 O-NaCl-CO 2 ± CH 4 system with a wide range in salinity. This is the main metallogenic stage; similar to the high-temperature ore-forming fluid system of the Dabie-Qingling collision-type porphyry Mo deposit, it exhibits a wide range of salinity characteristics [71] [72] [73] [74] [75] . In stage 3, homogenization temperatures range from 198.3 to 228.9 • C, which correspond to salinities of 0.7-6.3% NaCl eq. W-type inclusions with different gas and liquid ratios are again found in this stage. There is a lack of C-type inclusions, reflecting a significant reduction in the abundance of CO 2 . Pressure and temperature decreased with the evolution of the ore-forming fluid from stage 2 to stage 3; during stage 3, the temporal phenomenon in gas-liquid two-phase inclusions indicates that other fluids joined in the mineralization and were immiscible in the fluid. The homogenization temperatures of these inclusions are 198.3-228.9 • C, thus falling within the low-temperature liquid range, and the salinity of the ore-forming fluid is also low (0.7-6.3% NaCl eq.). that can add carbon to ore-forming fluids are magma genesis, where the carbon is directly derived from deep magma reactions with H2O, decomposition of organic matter, oxidation reactions related to graphite, and decarbonization reactions of calcium-silica carbonate rock. No sedimentary strata were exposed in the Reshui Mo deposit, so the presence of CH4 in the inclusions indicates that the ore-forming fluid reacting H2O with reduced carbon in the crust and created CO-CH4 [66, [69] [70] [71] . The homogenization temperatures of the stage 2 FIs range from 238.7 to 312.6 °C, which correspond to salinities of 4.34-42.64% NaCl eq. The ore-forming fluid thus belongs to a high-temperature H2O-NaCl-CO2 ± CH4 system with a wide range in salinity. This is the main metallogenic stage; similar to the high-temperature ore-forming fluid system of the Dabie-Qingling collision-type porphyry Mo deposit, it exhibits a wide range of salinity characteristics [71] [72] [73] [74] [75] . In stage 3, homogenization temperatures range from 198.3 to 228.9 °C, which correspond to salinities of 0.7-6.3% NaCl eq. Wtype inclusions with different gas and liquid ratios are again found in this stage. There is a lack of Ctype inclusions, reflecting a significant reduction in the abundance of CO2. Pressure and temperature decreased with the evolution of the ore-forming fluid from stage 2 to stage 3; during stage 3, the temporal phenomenon in gas-liquid two-phase inclusions indicates that other fluids joined in the mineralization and were immiscible in the fluid. The homogenization temperatures of these inclusions are 198.3-228.9 °C, thus falling within the low-temperature liquid range, and the salinity of the ore-forming fluid is also low (0.7-6.3% NaCl eq.). The metallogenic fluid of the Reshui Mo deposit is characteristically high-medium temperature and low-medium-salinity, and generally belongs to the H2O-NaCl-CO2 ± CH4 system [76] [77] [78] [79] [80] . The initial ore-forming fluids that came into the system during the process of fluid migration were hightemperature, high-pressure, and CO2-rich. The temperature changed slightly from stage 1 to stage 2 and the presence of different types of coexisting inclusions in the ore-forming fluids in stage 2 suggest boiling during stage 2. The stage 3 quartz-vein-polymetallic sulfide phases were most likely affected by other fluids (potentially meteoric water), which caused H2O-NaCl-CO2 ± CH4 fluid phase The metallogenic fluid of the Reshui Mo deposit is characteristically high-medium temperature and low-medium-salinity, and generally belongs to the H 2 O-NaCl-CO 2 ± CH 4 system [76] [77] [78] [79] [80] .
The initial ore-forming fluids that came into the system during the process of fluid migration were high-temperature, high-pressure, and CO 2 -rich. The temperature changed slightly from stage 1 to stage 2 and the presence of different types of coexisting inclusions in the ore-forming fluids in stage 2 suggest boiling during stage 2. The stage 3 quartz-vein-polymetallic sulfide phases were most likely affected by other fluids (potentially meteoric water), which caused H 2 O-NaCl-CO 2 ± CH 4 fluid phase separation, low-salinity conditions, the generation of inclusions with different gas and liquid ratios, and a lack of development of daughter mineral-bearing inclusions. Combining the evidence for a substantial change in temperature and pressure, we infer fluid mixing (the incorporation of meteoric water) from stage 2 to stage 3. When the ore-forming fluid is at higher temperature and pressure, the molybdenum complex has a relatively high stability. However, the temperature decrease and the decompression boiling of the fluid in stage 2 may have caused a large amount of volatile matter to escape (CO 2 , H 2 , H 2 S, SO 2 ), and when the fluid was exsolved from the crystallizing magma, the movement of CO 2 (H 2 , H 2 S, SO 2 ) out of the system may have induced a sudden increase in pH [71] , thereby, raising the pH and causing Mo 6+ to convert Mo 4+ and SO 4 2− to convert to S 2− to form metal sulfides, depositing sulfides, native metals, and other ore minerals [72] . According to Kim et al. [71] , pressure changes that transformed the system to near critical environments or critical H 2 O conditions have created favorable environments for the fundamental depositional mechanism. The incorporation of meteoric water in stage 3 may have caused the temperature and pressure of the mineralizing fluid to drop sharply, leading to a decrease in the solubility of metal complexes and the precipitation of molybdenum [65, 66, 72] in the Reshui Mo deposit (Figure 8 ).
The existence of the boiling fluid inclusion assemblages in stage 2 permits reliable estimation of the pressure conditions of fluid trapping during the ore formation. According to the microthermometric data (such as the clathrate melting temperatures, CO 2 phase homogenization temperatures, and total homogenization temperatures; Table 1 ), we used the software Flincor [35] , and the formula of Brown and Lamb [81] for the H 2 O-CO 2 -NaCl system, to estimate the trapping pressures of the fluid inclusions in the Reshui Mo deposit. These trapping pressures were estimated to be 236-351 MPa, 173-279 MPa, and 158-187 MPa for stage 1, stage 2, and stage 3, respectively (Figure 9 ). Assuming that these pressures are lithostatic and taking the density of the crustal rocks as 2.7g/cm 3 , the calculated pressures for stages 1 to 3 correspond to depths of 8.8-13.0 km, 6.4-10.4 km, and 5.8-6.9 km, respectively. Therefore, the mineralization of the Reshui Mo deposit likely occurred at depths of 5.8-13.0km. In general, the formation of porphyry Mo deposits has been found to have occurred at depths of 1-6 km [82] . However, some publications indicate that some porphyry Mo deposits have deeper depths of emplacement. The East Qinling molybdenum ore belt has a number of porphyry molybdenum deposits, but its metallogenic depth is varied: that of the Jinduicheng molybdenum deposit ranges from 2.2 to 8.1 km [78] , that of the Nannihu deposit is about 3 km [75] , and that of the Leimengou deposit is 2.7-5.1 km [83] . In this paper, the metallogenic depth of the Reshui Mo deposit is estimated to have been no less than 5.8 km.
Source of Ore-Forming Materials
The sulfide assemblage in the Reshui deposit is dominated by molybdenite and pyrite with a small amount of chalcopyrite, and no sulfate minerals have been detected. Therefore, the hydrothermal system during the ore-forming process in the Reshui deposit was dominated by H 2 S; the molybdenite, pyrite, and chalcopyrite formed under low-f O 2 and low-pH conditions [84] [85] [86] . According to Table 2 , the average δ 34 S value for the four molybdenite samples from the Reshui deposit is 5.2% , and the average δ 34 S value for the three pyrite samples is 5.3% . The basic sequence is consistent with the δ 34 S enrichment condition of δ 34 S Mo and δ 34 S Py at isotopic equilibrium, indicating that the S isotopes in the minerals had reached equilibrium [87] . This suggests that the S isotopic compositions of the pyrite are similar to the total S isotopic compositions of the hydrothermal system and can be used to trace the S sources [88] [89] [90] . The overall range of the δ 34 S values of sulfides in the Reshui deposit is narrow (Figure 11) , indicating that the sulfides in the ore-forming hydrothermal fluids had homogeneous S sources. The sulfur in the Reshui deposit is therefore interpreted as being mainly derived from the late Triassic intrusive rocks.
2.7g/cm 3 , the calculated pressures for stages 1 to 3 correspond to depths of 8.8-13.0 km, 6.4-10.4 km, and 5.8-6.9 km, respectively. Therefore, the mineralization of the Reshui Mo deposit likely occurred at depths of 5.8-13.0km. In general, the formation of porphyry Mo deposits has been found to have occurred at depths of 1-6 km [82] . However, some publications indicate that some porphyry Mo deposits have deeper depths of emplacement. The East Qinling molybdenum ore belt has a number of porphyry molybdenum deposits, but its metallogenic depth is varied: that of the Jinduicheng molybdenum deposit ranges from 2.2 to 8.1 km [78] , that of the Nannihu deposit is about 3 km [75] , and that of the Leimengou deposit is 2.7-5.1 km [83] . In this paper, the metallogenic depth of the Reshui Mo deposit is estimated to have been no less than 5.8 km. 
The sulfide assemblage in the Reshui deposit is dominated by molybdenite and pyrite with a small amount of chalcopyrite, and no sulfate minerals have been detected. Therefore, the hydrothermal system during the ore-forming process in the Reshui deposit was dominated by H2S; the molybdenite, pyrite, and chalcopyrite formed under low-fO2 and low-pH conditions [84] [85] [86] . According to Table 2 , the average δ 34 S value for the four molybdenite samples from the Reshui deposit is 5.2‰, and the average δ 34 S value for the three pyrite samples is 5.3‰. The basic sequence Lead isotopic values can reflect the sources of the lead [91] [92] [93] [95] ). In the Reshui Mo deposit lead isotopic diagram (Figure 10 ), the measured Pb isotopic data cluster between the compositions of the upper crust and orogenic belts, and most of the ore sulfides samples plot near the orogenic line, with two samples even plotting below the line (Figure 10a ). The Pb isotope data for the ore sulfides also plot close to the orogenic growth line in Figure 10b . We interpret these data as indicating that the lead was primarily derived from the crust [94] [95] [96] [97] .
Minerals 2019, 9, is consistent with the δ 34 S enrichment condition of δ 34 SMo and δ 34 SPy at isotopic equilibrium, indicating that the S isotopes in the minerals had reached equilibrium [87] . This suggests that the S isotopic compositions of the pyrite are similar to the total S isotopic compositions of the hydrothermal system and can be used to trace the S sources [88] [89] [90] . The overall range of the δ 34 S values of sulfides in the Reshui deposit is narrow ( Figure 10) , indicating that the sulfides in the ore-forming hydrothermal fluids had homogeneous S sources. The sulfur in the Reshui deposit is therefore interpreted as being mainly derived from the late Triassic intrusive rocks.
Lead isotopic values can reflect the sources of the lead [91] [92] [93] [95] ). In the Reshui Mo deposit lead isotopic diagram (Figure 11 ), the measured Pb isotopic data cluster between the compositions of the upper crust and orogenic belts, and most of the ore sulfides samples plot near the orogenic line, with two samples even plotting below the line (Figure 11a ). The Pb isotope data for the ore sulfides also plot close to the orogenic growth line in Figure 11b . We interpret these data as indicating that the lead was primarily derived from the crust [94] [95] [96] [97] . than those of the mantle ( 206 Pb/ 204 Pb = 18.010, 208 Pb/ 204 Pb = 37.700, respectively [95] ). In the Reshui Mo deposit lead isotopic diagram (Figure 11 ), the measured Pb isotopic data cluster between the compositions of the upper crust and orogenic belts, and most of the ore sulfides samples plot near the orogenic line, with two samples even plotting below the line (Figure 11a ). The Pb isotope data for the ore sulfides also plot close to the orogenic growth line in Figure 11b . We interpret these data as indicating that the lead was primarily derived from the crust [94] [95] [96] [97] . 
Conclusions
(1) The ore-forming process of the deposit can be divided into three stages: an early disseminated molybdenite stage, a middle-quartz-molybdenite stage, and a late-quartz-polymetallic sulfide stage, respectively.
(2) Fluid inclusion analyses demonstrated that the ore-forming fluids in the Reshui porphyry Mo deposit belong to the H 2 O-NaCl-CO 2 ± CH 4 system and exhibit the characteristics of a medium-high-temperature, medium-low-salinity fluid. The pressure is estimated at 158-351 MPa, and the metallogenic depth is estimated to have been no less than 5.8 km.
(3) Fluid boiling changed the pH in stage 2 and temperature and pressure to drop sharply in stage 3, which created favorable environments for the fundamental depositional mechanism, leading to the precipitation of molybdenum.
(4) The S-Pb isotopic compositions of sulfides in the Reshui porphyry Mo deposit suggest that the source of the ore-forming material was derived from the crust.
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